In this paper, we postulate that some of the best opportunities for reducing energy demand and carbon emissions are through stronger involvement and leadership from local government. We show that local government can and do have a significant impact on both energy production and energy consumption and are important participants for the implementation of distributed generation (DG). the progress being made by successful local governments can be narrowed to three key factors. First, they have all recognised the co-benefits of a local energy strategy: a reduction in fuel poverty, increased employment, improved quality of life and mitigation of uncertain fuel supplies and prices. Secondly, successful councils have strong political leadership and employee support to implement the structural change to bring about change. Thirdly, leading councils have gained momentum by working in partnership with utilities, private companies, NGO's, DNO's and government departments to raise finance and garner support. While climate change remains a global issue, some of the best strategies for mitigation are implemented at the local level.
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Introduction
Over one-half of the world's population now live in urban centres and this number swells globally by 75 million inhabitants per year. Cities alone consume more than three-quarters of the worlds energy production through heating, transport and electricity use. In response to this challenge, many urban centres are now making strides to mitigate greenhouse gas emissions (GHGs) and take control over energy consumption and generation. In this chapter, we postulate that some of the best opportunities for reducing energy demand and carbon emissions are through stronger involvement and leadership from local government. We show that local government can and do have a significant impact on both energy production and energy consumption and are important participants for the implementation of distributed energy.
While the theory of free-riding goes some way to explain the difficulties in getting local governments to unilaterally cut carbon emissions, we show that many are starting to make progress and deriving direct benefit from self-imposed and targeted local energy strategies. In addition, we show there are clear benefits for local government who work with local business and residents to cut carbon emissions. Not only are synergies created and direct benefits derived for the climate but these partnerships are often financially rewarding to local government, business and the residents who participate.
In many parts of Europe, local government involvement in energy generation is well developed (e.g. Denmark, Sweden, and Finland) and already accounts for a significant proportion of energy supply. In contrast, there are only a few leading examples of local authority led energy schemes in the UK (e.g. Kirklees, Peterborough, Woking, Leicester and Aberdeen). Interestingly however, the localisation of energy services in the UK is evolving more systematically than in many other parts of Europe. For example, in addition to the development of more local and distributed energy, local governments in the UK are also considering demand reduction as a key component of their long-term energy strategies.
We show local government take responsibility for local energy matters for a number of reasons. Firstly, local government have a genuine and direct concern for residents exposed to fuel poverty; secondly, they have an increasing awareness about the affects of pollution and GHG emissions both locally and globally, and finally, they recognise that ambitious early action pre-empts future central government regulation. Equally important are the many ancillary benefits created when local sustainable energy strategies are adopted. These include regional economic regeneration, increased employment, improved energy security, lower energy costs, improved local environments and stronger connections between people and energy thereby encouraging further energy-demand reduction. However, such strategies only manifest when there is clear political leadership from within an elected council and a genuine willingness from employees within government departments
In this chapter, we will first discuss the development of local energy governance in a global political context and importantly, how locally driven energy solutions are making an important contribution to meeting energy and emissions targets. We follow this with a discussion on how to reconcile the conflicting benefits of an asymmetric centralised energy system with a more balanced and distributed energy system within the UK. We then look at the implementation of distributed energy solutions in Europe and discuss how localised energy systems have evolved in several European states. Learning from both local and international experience, several bespoke energy strategies are identified that have significant potential to contribute to local energy demand reduction and lower CO 2 emissions in the UK. The strategies identified include, Combined Heat and Power with District Heating (CHP-DH), Energy from Waste Facilities (EfW), demand side solutions using targeted financial mechanisms and finally, how ESCOs can be employed as an appropriate vehicle for delivering each of these strategies. Finally, the opportunities and barriers for wider adoption of such energy solutions are explored more fully with a UK-centric perspective.
Defining Local Energy
Climate change is widely regarded as a global problem requiring a global solution (Bulkeley & Kern 2006; DEFRA 2007; EU Insight 2009; HM Government 2006) . It is on these foundations that multilateral agreements such as Agenda 21 and the Kyoto Protocol have been ratified. It is also the reason that such emphasis and political attention was directed at reaching an agreement during the Copenhagen Climate Change negotiations. With such immense political, economical and environmental inertia behind the present carbon intensive socio-economic system, concerted action at every level of society is necessary -and this is particularly true for the local level. For it is at the local level where policies are ultimately implemented, unique local solutions are found, the benefits of distributed generation are realised and the associated gains from social cohesion and co-operation manifest in both society and the economy.
Given the significant discrepancies in both scale and function of centralised versus distributed power system infrastructure, it is necessary to define the differences between these very distinct systems (Bouffard and Kirschen 2008) . Distributed Generation (DG) is already well defined (See Bouffard and Kirschen 2008; Woodman and Baker 2008; Mitchell et al. 2009; Pollitt 2009; BERR 2008) and typically refers to energy that is generated close to the point where it is used. DG generation systems typically have capacities under 50MW and connect directly to a distribution network which generally refers to the part of the network with an operating voltage of 240/400V (sometimes up to 110kV). Distributed generation can be further categorised into three distinct groups ( 3. Local energy systems tend to be led by local or regional government, district network operators or ESCOs operating at the miso-scale. Because of this Local energy systems tend to be much larger in capacity than both micro-generation and community energy, usually with sufficient capacity to supply a town, city or region. Because locally led solutions are often created with support from local government, they usually have strong organisational structures and develop strong networks with other locally based organisations and businesses and due to their size; they are able to leverage economies of scale usually only afforded to large centralised power plant. Local energy solutions are typically guided by local government but can also be established by co-operative organisations, non-profit organisations or an ESCO (Energy Service Company) where the ESCO represents the interests of multiple parties, either via a profit or non-profit motive. A further distinction of local energy from other forms of energy generation is that local energy generation typically first meets local demand.
Depending on the system charges imposed on an embedded generator -which may be significant -it may even be competitive to sell excess electricity production in the open market. A further distinction and advantage of local energy solutions over community energy solutions is that local energy incorporates both demand side and supply side technologies to maximise energy service delivery and therefore local benefit (Torriti et al. 2010) . For example, Aberdeen County Council implemented home energy efficiency upgrades to their social housing stock before connecting these same homes to a DH scheme. The key element of any local energy project is that it provides a bespoke solution for the locality, and reflects the specific needs and characteristics where it is deployed.
Electricity generation and distribution in Great Britain, similar to other industrialised countries, relies on a centralised energy system to meet the nations growing demand for electrical power. Even today, the UK relies largely on power produced by an aging centralised power infrastructure. However, analysis of data from recent history reveals things may be starting to change. It appears the trend for installing large, centralised power infrastructure has been diminishing since 1975, at which point the annual mean installed power station capacity in Great Britain reached its all-time peak (Figure 1 .2).
In addition, the number of new power stations commissioned each year, albeit at much smaller per-unit capacities, has been steadily increasing since the nineties. Such trends can be explained by the increasing attractiveness of smaller and more localised power systems such as combined cycle gas turbines (CCGT), wind, biomass and CHP installations. 
Putting energy services in context
It is a well-established notion that global problems require global solutions. In general, this has been the mantra adopted by the EU and other international conventions on climate change (Collier and Löfstedt 1997) . However, an opposing view that has been advocated for some time by several leading authors (Schumacher 1973; Lovins 1979 ) is only now beginning to gain support. Global problems, such as climate change, not only require global agreement and leadership but also rely heavily on local action. This intuitively simple idea was notably recognised by the Brundtland Commission and later ratified by the United Nations in 1987 with the publication of "Our common future" (Brundtland and WCED 1987) . This recognition of the importance of localisation and participatory processes for improving the world's environmental problems received renewed recognition when the majority of countries at the Rio Earth Summit signed Agenda 21 where it was recognised that effective participation of local government are a determining factor in fulfilling the objectives of Agenda 21 (United Nations 1992).
Recognising that local government represent the closest form of governance to people, they therefore play a vital role in educating, mobilizing and responding to the challenges of sustainable development. A key component to fulfilling this objective was "Local Agenda 21" (LA21) where local governments in each country were asked to undertake a consultative process with their respective communities. The initiative was designed, not only to create stronger rapport and participation in communities but also to promote cooperation and coordination between local governments, both locally and internationally. The UK is one of a handful of countries with a co-ordinated national LA21 strategy with more than 93% of municipalities having developed LA21 strategies this is encouraging when compared with France where there is less than 1% (ICLEI 2002) . Despite the widespread acceptance of Agenda 21 in the UK, as a process, it remains under-resourced and at the margin of many local government structures; it receives little support amongst senior officers and is frequently undermined by the toplevel strategic plans of councils (Chatterton 2001 ).
The growing emphasis of local decision-making is in direct conflict with the increasingly prominent role of supranational organisations, such as the European Union, and multinational energy companies that are having increasingly prominent roles over national and international energy-policy (Burton and Hubacek 2007) . In contrast, it remains the case that local government in the UK and elsewhere have limited influence over national and international energy policy (Collier 1996) . Bulkeley and Betsil (2003) argue that in spite of this, global environmental governance is a multilevel process and sub-national governments play a crucial role, especially in the formation of transnational networks [see the Cities for Climate Protection (CCP) programme]. They claim that such transnational networks of sub-national governments represent a new form of environmental governance that simultaneously takes place at both global and local scales seeming to bypass the nation-state. Such processes are frequently over-looked when defining strategies for delivering environmental governance (Bulkeley and Betsill 2003) . If programs like the CCP do indeed present a new form of environmental governance, do they then provide a means for overcoming the barriers for reducing local GHG emissions? If so, there will be an increasing role for local government leadership over the management and delivery of energy resources at the local level.
Reconciling local government strategies with local energy solutions
In both academic literature and public policy arenas, many well-supported arguments have been put forward that explain why local government are important for the supply, delivery and demand for energy services. Given that public administration accounts for approximately 5% of total energy demand in the UK 3 (DECC 2009a), significant savings can be made in the energy that is consumed in public buildings, hospitals, recreational facilities council offices, and other associated services. It is reckoned that Local Government consumes at least 26 TWh of energy per year resulting in more than 6.9 Mt of CO 2 emissions and subsequent energy expenditure in the order of £750 million 4 .
Energy is one of the most controllable overheads in many local government buildings thus providing many opportunities for savings. Space heating, for example, is responsible for over two-thirds of local government energy consumption making it an ideal target for further reductions ( Thus, simply replacing the street lighting can have a significant impact on CO 2 emissions.
3 In 2008 total energy consumption in the UK totalled 225 Mtoe, public administration and services alone accounted for 11.5 Mtoe where 0.9 Mtoe came from electricity, 0.3 Mtoe came from renewables, 7.3 Mtoe came from gas, 0.7 Mtoe came from petroleum and 2.3 Mtoe came from other solid fuels. 4 Office of commerce and government More importantly, additional energy savings can be made from the more than 3.6 million homes in the UK classified as "social rented" where it is estimated a further 5% of total UK energy demand is consumed. It is not just through direct means that local governments have the power to reduce energy. As the layer of government closest to the citizen, local government have an important role in leading by example, communicating and creating opportunities for demand reduction and increased efficiency. Furthermore, local governments are responsible for large areas of policy that could be reformed to encourage significant behavioural change in business and residential sectors alike. They are also responsible for granting planning permission for local renewable energy sites as well as the renovation of old, and construction of new buildings. Consequently, local government can reduce energy consumption within their region by creating opportunities for, and influencing the behaviour of residents to change their energy consumption patterns (Coenen and Menkveld 2002) .
Increasingly it is recognised that energy and climate policy go hand in hand. In the UK this is shown by the recent formation of the Department for Energy and Climate Change (DECC), formed to combine the policy objectives of both climate change and energy into a single government department. Such organisational changes do not need to stop there.
Local governments are increasingly given responsibility for meeting CO 2 mitigation targets. Given the significant contribution of GHG's coming from energy production it makes sense local governments have influence over energy production and consumption within there localities. Commentators have also shown that climate change issues are best handled at the local level (Collier and Löfstedt 1997; Allman et al. 2004; Bulkeley and Kern 2006; Bulkeley and Betsill 2005; Burton and Hubacek 2007; Hopkins 2008 ). As energy use is an important contributor to climate change, it follows that local government's need greater jurisdiction over the supply, distribution and consumption of local energy. Indeed, it has been clearly identified by three consecutive government white papers on energy that a more devolved approach is required to meet future energy and climate change targets (DTI 2003; DTI 2007b; DECC 2009b) .
The ability of local government to respond to energy objectives within their district depends on many factors. Elements such as the demography, geography, culture, urbanisation and economy are all important but perhaps the most critical factor is an authority's legal jurisdiction and political capacity to initiate change in their own locality. Coenen and Menkveld (2002) government can do what they are already doing better but they can also take control over new areas traditionally thought to be outside their remit. Energy is a particularly important example because historically this has been outside the remit of local government, thus leaving considerable scope and opportunity for local governments to start having a significant influence over energy consumption within their district. Bulkeley and Kern (2006) contribute further to this discussion by identifying four modes of governance used by local government to implement change:
• selfgoverning is the capacity of local government to govern themselves and is accomplished through better self management; • governing by provision is the shaping of local government practice through the delivery of particular forms of service or resources implemented by practical, material and infrastructural means;
• governing by authority is the use of traditional forms of regulation and direction through sanction and law.
• governing through enabling is when local government facilitate, co-ordinate and encourage action through partnerships, private voluntary-sector agencies and various forms of community engagement.
Using such a framework allows us to categorise local government influence over energy and emissions (Table 3 .1). Installation of eco-house demonstration projects.
Increasing the minimum efficiency standards for council owned social housing.
Installation of renewable energy projects for meeting own energy demand.
Governing by provision
Energy efficiency measures in council owned housing.
New organisational structures such as Energy Service Companies (ESCOs) that provide energy solutions to residents and businesses.
Support for community level projects.
Interest free loans for the installing energy efficiency measures.
Governing by authority
Minimum efficiency standards for new buildings.
Minimum levels for energy conservation in the renovation of old buildings.
Strategic planning to enhance energy conservation.
Supplementary planning advice for energy efficient design.
Supplementary planning and guidance for CHP and renewable installation.
Contracts to guarantee the connection to CHP or renewable energy.
Governing through enabling
Campaigns for energy efficiency to the general public.
Provision of advice on energy efficiency and demand reduction to business and citizens.
Provision of grants or other financial incentives for energy efficiency projects.
Promotion of renewable and decentralised projects. Bulkeley and Kern (2006) 
Lessons learned from the localisation of energy generation in Europe
Denmark, Finland, Sweden, Norway and the Netherlands were some of the first countries to take domestic action on greenhouse gas emissions agreeing to stabilise States who in turn assume increasing power over municipalities. This is in stark contrast to Japan that has the lowest energy intensity in the world when compared to the USA, which has one of the highest; ultimately producing half as much economic output for each unit of energy input as Japan. 
United Kingdom 193
Greece 205
Spain 211
Belgium 219
Portugal 225
Other international examples Japan 115
United States 291
During the 1970s, Denmark's energy system was highly centralised consisting of a small Unlike Denmark's heavily regulated approach, Sweden adopted a more market based and local government led approach not underpinned by a strong central government incentive regime. In Sweden for example, local government brought together the owners of high-energy consuming buildings such as apartment blocks and company owned office buildings so they could collaborate in the investment of DH where it may have been to expensive for one entity to consider it alone. In Sweden during the early 1970s, DH networks were heavily dependent on fossil fuels but now over seventy percent of fuel for DH comes from renewable feedstocks such as biomass and municipal waste. In Finland, aside from a small initial tax rebate to kick-start the sector, minimal regulation was required to support the introduction CHP-DH networks, nevertheless, more than 65% of Finland's thermal electricity production now comes from CHP plant (IEA 2008a). In addition, electricity taxation is focused on end use -not on production, therefore providing fair conditions for electricity production optimisation by the CHP owners. Fuels used for energy generation are however subject to excise taxes. The Finnish Government has also maintained low barriers to entry for producers wishing to enter the electricity market. Any competitor that conforms to the necessary safety legislation can connect to the grid, paving the way for large CHP schemes that under normal conditions would have taken years to receive planning approval. 
Local dimensions of energy demand in the UK

Political realities
In the UK in contrast to many other parts of Europe, the relationship between central government and local government is governed by the principle of Ultra Vires.
Accordingly, local government only have permission to do what they are statutorily permitted to do. This is in contrast to many parts of Europe where local government can undertake any activities that they consider in the interests of their communities, unless they are statutorily not permitted to do so. This has considerable implications for local energy projects in the UK. However, as will be shown this has recently started to change and the implications of this shift could lead to significant changes to the energy sector in the UK.
Local government in the UK are democratically constituted bodies that assume multifunctional roles covering such areas as education, health, social housing, planning, waste management, regeneration and in some limited cases the provision of energy.
Prior to 1970, local government in the UK enjoyed a high degree of discretionary power with considerable say in the delivery of public services (Bulkeley and Betsill 2003) .
With the introduction of the Local Government Act (2000) wellbeing of localities will continue and ultimately lead to increasing roles for local government in the management and governance of local energy resources.
Opportunities for introducing local energy solutions for the UK
Local government experience
Local government have the potential to exploit many distributed generation and local energy solutions. The first step for an authority implementing energy strategies is to learn from the experience of other local governments (see Kelly and Pollitt 2009 ). For example, Kirklees council and Woking borough provide advice and consulting services to other local governments wishing to learn from their experience. The second step is then to gain a deeper understanding for the composition of energy demand within their locality. The following questions are generally answered during this stage:
• Where is the demand located -spatial?
• When is it required -temporal?
• How much is required -physical capacity?
• What type of energy is required -resource availability?
After this information has been collected, bespoke strategies for the locality can be The following sections will discuss key benefits and barriers to complimentary and competing strategies for implementing different local energy strategies.
Strategy: CHP with District Heating (CHPDH)
Although CHP and DH networks do not necessarily go hand in hand, the majority of local governments who have pioneered DH systems have also installed CHP plant to meet local base-load heat demand (Aberdeen, Nottingham, Southampton, Leicester, Woking, Barkantine). The decision by a local government to install a CHP-DH network is made for several reasons. First, CHP-DH networks provide affordable and manageable onsite energy generation and distribution for council owned infrastructure such as halls, schools and swimming pools. They also provide affordable heating and electricity for council owned housing as a way to reduce energy costs and alleviate fuel poverty (BERR 2007) . Finally, CHP-DH is a proven technology that has real potential to reduce CO 2 emissions both through energy efficiency gains and through the combustion of low carbon fuels such as biomass and waste (Torchio et al. 2007; DTI 2007b; IEA 2008b) . In addition, CHP-DH provides increased energy security because it can be operated in island mode (independent from the grid) but also because when local low carbon fuels are used, susceptibility to the volatility of international energy markets is mitigated.
Ancillary benefits include a more robust and better-managed heat infrastructure;
increased employment opportunities and therefore local economic regeneration and the building up of local capacity. Unfortunately, the number of CHP-DH networks in the UK has stagnated despite a significantly decreasing heat to power ratio and increased government intervention to encourage CHP development (Figure 6 .1). 
Strategy: Establishing an Energy Service Company (ESCO)
Among local government in the UK, there is an increasing trend to use ESCOs for managing local energy services. This trend is also supported by the government with one of the major recommendations coming out of the government's heat and energy saving strategy for a new focus on delivering local low carbon heat and electricity. There is also growing acceptance among stakeholders that local authority ESCOs are a viable and appropriate special purpose vehicle (SPV) capable of delivering 'energy services' such as heat and light rather than merely units of gas and electricity. Usually ESCOs are collaborative ventures owned by both public and private organisations, and can be either profit or non-profit motivated. ESCOs provide many benefits but most importantly, they allow for the organisation and ownership of the supply, delivery and consumption of energy locally. The benefits of creating an ESCO include bulk purchases of energy efficiency measures, implementation of creative financial mechanisms, energy performance contracting and the direct specialist management of energy resources.
Because an ESCO is an independent company at arms length from the owners, they lower risk on large projects and provide a legal mechanism for the apportionment of shares and profits. For example, in Peterborough an ESCO is proposed to bring together the interests of several parties including EDF, Peterborough City Council, British Gas and Opportunity Peterborough (Harker and J. Chatterton 2009) . Indeed, in the Governments 'renewable heat and energy saving strategy' it is clear ESCOs will play an increasingly important role for delivering future energy services in Britain.
Two categories of legal contracts are used in the creation of ESCOS that represent the varied interests of parties involved. One of the most common contracts in the UK is 'energy supply contracting' (ESC) where consumers are sold energy at pre-agreed rates.
The ESCO guarantees a level of energy service and is then free to act and make decisions for energy efficiency purposes to reduce their own costs. The ESCO or contractor is responsible for maintenance and offers support for the duration of the project. These Increasingly, ESCOs also offer services to improve household efficiency or provide finance for the development of district heating networks. In sum, ESCOs are seen as an appropriate way to minimise risk; increase revenues; appropriately apportion ownership rights; and provide specialist energy services typically outside of public experience. 2008) . Alternatively, the energy savings achieved during the life of the investment can be used to pay back the initial capital. There are however several barriers preventing these schemes from being more widely adopted. Large sums of up front capital are usually required to finance the scheme and although this sum is generally paid back over time, the interest is generally written off. Overcoming these barriers requires securing finances from multiple sources and innovative accounting methods. Kirklees
Strategy: Creative financial instruments
Council managed to do this with grants from Scottish Power, the National Grid, the Regional Housing Board and the British Gas Energy Trust. Implementing and managing these financial arrangements can be complicated and administratively burdensome and generally leads to local government outsourcing the management of financial schemes to external management companies including ESCOs.
Discussion
The UK government has recognised that distributed generation can make a significant contribution to reducing the UK's carbon emissions (Woodman and Baker 2008 There are also many co-benefits for local authorities adopting these types of solutions.
For example local governments receive increased energy resilience through a more diverse energy supply; they mitigate uncertain and volatile international energy prices and they secure the regeneration of local economies through the sourcing of local energy supplies such as biomass and waste. When local governments have responsibility over local energy systems, they create economies of scale through supplying energy to their own infrastructure but also through economies of scope by providing demand side efficiency solutions and developing creative opportunities for reduced energy consumption. The lack of ambition shown by local government may partly be explained by the significant barriers to overcome, several of these include:
• Significant upfront capital costs inhibit investment from public and private sectors in supply and distribution infrastructure such as district heating pipe work or high-volume efficiency programs.
• Long pay back periods are typical of high cost and large-scale renewable energy projects making investment in such projects unattractive when compared with other high return and low risk investments.
• Increased risk due to high upfront capital costs and long pay back periods of energy saving projects command higher financial returns for a project increasing the initial hurdles a project must reach before it is even deemed viable.
• Hidden costs and high transaction costs that are a result of brokering and maintaining public private partnerships or establishing organisations like ESCOs discourage investment.
• A convoluted and difficult national subsidy and rebate system acts as a deterrent for new entrant's thus preventing competition and lower energy prices.
• Political and economic 'lockin' from existing centralised infrastructure disadvantages small, variable or unpredictable power.
• Insufficient information or 'knowhow' amongst public bodies for creating and implementing local energy systems is low and requires national programs to build capacity.
• Policy restrictions on private wire networks (PWNs) and an insufficient market for heat provide little incentive for large industry to supply waste heat into DH networks.
• Principalagent problems inhibit investment in energy efficiency because the owner of the home does not pay the energy bills and is therefore not interested in making the investments required.
• Consumer preference problems occur when a consumer resists change to a more efficient alternative such as energy saving light bulbs.
• Negative externalities such as locating renewable energy projects close to city centres may encourage local opposition and prevent projects moving forward.
• Many local governments lack good quality data about the housing stock in there region making it difficult to target effectively and assess opportunities to get the best value for money.
As shown, a number of barriers act to prevent local energy deployment (Kousky and Schneider 2003) , but as presented by Allman and Fleming (2004) these barriers change depending on the stage or level of progress a local government has made towards implementing local energy strategies. Whilst local governments provide many of the answers for increasing the uptake of distributed generation, they are also sometimes become part of the problem. Planning rules and regulations need to appropriately reflect the benefit that distributed renewable energy provides to society. Without such support the rollout of distributed renewable energy infrastructure may not take hold.
Conclusion
The progress being made by successful local governments can be narrowed to three key 
